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ABSTRACT
The aim of this work was to ob tained in for ma tion about the pos si bil ity of dif fer en ti at ing (with a- and  p-GST)
be tween cel lu lar dam age at dif fer ent lev els of the tu bu lar sys tem in spe cific forms of acute re nal fail ure (ARF)
- ischemic vs. ob struc tion. The study fo cused spe cif i cally on dif fer enc ing be tween acute allograft re jec tion and 
cyclosporineA in duced nephrotoxicity. Pa tients and meth ods. Twenty two pa tients, hos pi tal ized at the De -
part ment of Nephrology, Clin i cal cen tre-Skopje, suf fer ing from ARF with the av er age age 48.1±5.6 years
were stud ied. Forty five re cip i ents with re nal allograft were fol lowed daily from the time of trans plan ta tion
un til dis charge from hos pi tal and then twice weekly for a to tal 3 months. Urine sam ple were ob tained from pa -
tients with ARF as an ischemic tu bu lar ne cro sis and acute ob struc tive re nal in suf fi ciency and pa tients with re -
nal trans plan ta tion. The con cen tra tion of a- and p-GST in urine were mea sured fol low ing the method of
quan ti ta tive EIA (Biotrin Int.LTD). The se rum sam ples from trans planted pa tient were mea sured for
creatinine and CystatinC. RESULTS. Sig nif i cant dif fer ences of ð-GST val ues be tween ischemic ARF and
acute re nal ob struc tion were ob served, while they were in sig nif i cant for the val ues of a-GST. There were no
sig nif i cant dif fer ences for a-GST val ues of all three sam ples in both groups with ARF. In the cases of acute re -
jec tion af ter trans plan ta tion, the re lease of a-GST into the urine is lim ited, while that of  the p-GST isoenzyme
is ex ten sive. In con trast to the case of acute re jec tion, in the early stages of CsA in duced nephrotoxicity a sig -
nif i cant amount of a-GSTs ex creted into the urine, but no sig nif i cant el e va tion of uri nary p-GST is seen.
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INTRODUCTION
Al pha and pi glutathione-s-transferase (a-GST and p-GST) 
are pro teins (lig ands) nor mally found in high con cen tra -
tions in the cells of the prox i mal and dis tal re nal tu bules re -
spec tively (4) and has been shown that they are re leased
into the urine fol low ing dam age such as acute tu bu lar ne -
cro sis (ATN) (15) nephrotoxicity (16) and re jec tion (1).
The uri nary lev els of each GSTs sub class (isoenzymes) are
spe cif i cally re lated to the site of re nal in jury. The GSTs are
pres ent in the cy to plasm in sol u ble form and they are dis -
tinct from the struc tural, im mu no log i cal and cat a lyt i cally
point of view. The a-GST has a mo lec u lar weight of 51
kD, the p-GST- 47kD, while the ma jor form”µ”-form,
weighs 53 kD. Nephrotoxicity, usu ally af fect ing the prox i -
mal tu bule, nor mally re sults in in creased lev els of a-GST
(unique cytosolic pro tein en coun tered in the prox i mal
epithelia, readily re leased from dam aged cells) into the
urine. Toxic event or re jec tions which af fect mainly the dis -
tal tu bule, the thin loop of Henley and the col lect ing ducts,
are char ac ter ized by uri nary re lease of pi GST( unique
ligand pres ent into the dis tal tu bu lar and col lect ing cells,
highly spe cific and sen si tive as a marker of dis tal tu bu lar
dam age). Ischemic le sion (reperfusion in jury), witch af fects 
the whole tu bu lar sys tem, leads to re lease of both
isoenzymes (á-and p-GSTs). Fur ther more, uri nary ex cre -
tion of GSTs in di cates re nal dam age be fore el e vated se rum
creatinine and Cystatin C lev els have been de tected. The
dis tal tu bu lar func tion may be dif fi cult to in ves ti gate, with -
out strongly re lated spe cific and sen si tive marker like
p-GST. Clas si cally, acute kid ney re jec tion  were found to
in duce the re lease of p-GST into the urine. By com bin ing
the re sults for a and p-GST with other mark ers of re nal
dam age (neu tral endopeptidase, metalloproteinases,
aminopeptidase A and M, â2 microglobulin, retinol bind -
ing pro tein),  new at trac tive ar eas of ba sic and clin i cal re -
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search may be opened, that would en able to dem on strate
more pre cisely the site of re nal in jury along the tu bu lar seg -
ments. In ear lier in ves ti ga tion it was pro posed that the uri -
nary level of a-GST loud be used for di ag nos tic pur poses,
since in con nec tion with cyclosporine A in duced
nephrotoxicity this pro tein is re leased from its spe cific lo ca -
tion in the cells of the prox i mal tu bules into the
urine(4,15,16). Glo mer u lar and tu bu lar cells dam age may
be pro voked also by immunotoxins (immune complexes,
proinflammatory cytokines), reactive oxygen metabolites,
tubular hyperfunction in addition to renal vasoconstriction
and arterial hypertension.
The aim of this work was to ob tain in for ma tion about the
pos si bil ity of dif fer en ti at ing (with a -and p-GST) be tween
cel lu lar dam age at dif fer ent lev els of the tu bu lar sys tem in
spe cific forms of acute re nal fail ure (ischemic vs. ob struc -
tion), as well as to clar ify the as so ci a tion be tween  the clin i -
cally well de fined sit u a tions (global ischemic ATN, ob -
struc tive acute re nal in suf fi ciency) of kid ney dam age, with
the pres ence of dif fer ent GSTs into the urine. Also in the
pres ent in ves ti ga tion we have ex am ined the urine from
trans planted pa tients with tu bu lar dam age and eval u ated
the re lease of GST-p in the re la tion ship to the clin i cal eval -
u a tion. This study fo cused spe cif i cally on dif fer en ti at ing
be tween acute trans plant re jec tion and cyclosporineA
(CsA) –in duced nephrotoxicity. In ad di tion, we wanted to
ob tain in for ma tion about the pos si bil ity of dif fer en ti at ing
be tween cel lu lar dam age at dif fer ent lev els of the tu bu lar
system as well as to investigate possibilities of
differentiating between glomerular and tubular diseases.
PATIENTS AND METHODS
Patients
Twenty two pa tients, hos pi tal ized at the De part ment of
Nephrology, Clin i cal cen tre, Skopje suf fer ing from ARF
(12 fe males and 10 males)  with the me dia age 48.1±5.6
years were stud ied. Forty five re cip i ents of re nal allograft
(31 fe male and 14 males) were fol lowed daily from the
time of trans plan ta tion un til dis charge from hos pi tal and
there af ter twice weekly for a to tal 3 months. All pa tients (
two from them with ini tial post-trans plant tubulopathy)
were sub jected to eval u a tion us ing clin i cal ob ser va tion,
lab o ra tory tests and mor pho log i cal ex am i na tion (mainly
uri nary tract ultrasonography). The Eth ics Com mit tee ap -
proved the study pro to col and ev ery par tic i pant gave a fully 
in formed ap proval to take part in the study. The urine
(night) sam ples were col lected dur ing a pe riod of 8 hours at
room tem per a ture and their vol ume mea sured. Sam ples
kept in the re frig er a tor at 4o for 5 days showed no sig nif i -
cant de crease in en zymes ac tiv ity, but the room tem per a -
ture grad u ally de creased the en zyme con tents (re stric tion to 
35% of the orig i nal amount) in the same pe riod of time.
The GSTs sta bil ity was not ap pre cia bly af fected by pH (pH 
range 5.3-8.5). Con trol urine was ob tained from 30 stu dents 
un der go ing check up and found to be healthy. Sam ples
from each pa tient with es tab lished di ag no sis were cho sen
for anal y sis and pre sen ta tion the third and ninth day of
polyuric phases of ARF, and two months af ter ad mis sion to 
the hos pi tal. Re cip i ents of re nal allograft with a start ing se -
rum creatinine level above 700 mmol/L, ini tial oligouria
and ob vi ous hyperhydratation (cases of ini tial ischemic
tubulopathy wit ATN) were treated like other patients with
ARF requiring dialysis. CsA was not included in the
therapy as long as ARF was not completely resolved.
Methods
Urines were col lected from con trol par tic i pants, pa tients
wit ARF and pa tients af ter trans plan ta tion in dif fer ent eti ol -
ogy. Sam ple were centrifugated (2000g for 15 min). GST’s
con cen tra tions were mea sured (ex pressed in mg/L) with a
quan ti ta tive en zyme immunoassay de signed for urine anal -
y sis (Biotrin NEPHKIT-a and p-Biotrin In ter na tional,
Dub lin, Ire land) in microtitre wells coated with anti-pi; anti
GST IgG, on the ELISA reader at 450 nm (ref er ence:620
nm), and 250C by mon i tor ing the in crease of absorbance
be cause of the re lease of chromogenic sub strates. The re -
sul tant color intensivity is pro por tional to the amount of
isoenzymes pres ent in the sam ples. The ref er ence range
(con trol pa tients) was: 3.7±2.3(1.4-6.0) mg/L for a- and
13.7±5.3 (8.1-18.7) mg/L for p-GST re spec tively. The con -
cen tra tion of creatinine in se rum and urine were de ter mined 
with kinetically Jaffe meth ods (9). CystatinC con cen tra tion
was de ter mined immunoturbidimetic with the DAKO test
(reference range 1.2 ± 0.4 mg/L).
Statistics 
All data were ex pressed as av er age ± SD of the num ber of
ex per i ments. The sta tis ti cal sig nif i cance was eval u ated by
Stu dent’s t-test us ing one-way ANOVA to gether with
Dunca’s range test. In all in stances, the cri te rion for sta tis ti -
cal sig nif i cance was es tab lished at 0.05 be fore test ing.
Results
The re sults are pre sented in ta bles as av er age value and
stan dard er ror. De mo graphic char ac ter is tics of in ves ti gated
pa tients are pre sented in the (Table 1).
No sex re lated dif fer ences in uri nary a/p GSTs ex cre tion
were de tected in both group of pa tients with acute re nal
fail ure. The group with acute ob struc tive post re nal in suf fi -
ciency was sig nif i cantly older than the group with ischemic 
ATN 58.6±13.1 vs. 43.3±14.5 ( p<0.05). Sig nif i cant dif fer -
ences of p-GST val ues be tween ischemic ARF and acute
re nal ob struc tion were ob served, while they were in sig nif i -
cant for the val ues of a- GST. Fur ther on, the pGST val ues
in ischemic in jury group were sig nif i cantly lower two
months af ter ad mis sion than in the group with acute re nal
ob struc tion. The higher val ues of stan dard er rors for mean
val ues of p-GST, need fur ther in ves ti ga tions to elaborate
these various results (Table 2).
The lab o ra tory re sults ob tained with the pat ents with sta ble
re nal func tion, acute re jec tion and CsA nephrotoxicity is
pre sented in Ta ble 3. The se rum and urine sam ples an a -
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lyzed were col lected on the same day for each pa tient. In
com par i son with the sta ble pa tients (Ta ble 4) , which had  a
se rum creatinine  level 148.0± 45.0 µmol/L and Cystatin C
1.65± 0.38mg/L, those hav ing acute re jec tion had a se rum
creatinine level 250.6±86.5µmo/L (p<0.001) and Cystatin
C 3.86±0.95 mg/L ( p<0.001). In pa tients di ag nosed as
hav ing CsA-in duced nephrotoxicity had a se rum creatinine 
221.7±60.2mmol/L, also sig nif i cantly higher that the sta ble
group (p<0.001).The uri nary level of GST-p changed char -
ac ter is ti cally in con nec tion with the con di tions ex am ined.
In con trast of GST-a, the p- form was de tect able in con trol
pa tients 13.4±5.3 µg/L and did not dif fer sig nif i cantly  
from the level found in the sta ble group (15.8±6.1 µg/L). In
acute re jec tion we was found 348.2±165.6 (p<0.001), but
no ob served changes in pa tient with CsA nephrotoxicity.
The ex cre tion of GST-a was quite dif fer ent from that of
GST-p. The con cen tra tion in con trol group was
3.7±2.3mg/L, in the sta ble 4.1±1.35mg/L, but sig nif i cantly
increased in patients with CsA-induced toxicity (26.2±2.9,
p< 0.001).
DISCUSSION
In ear lier stud ies, RIA and EIA  use ful ness was dem on -
strated for  an a lyz ing the level of a-GST pro tein in urine for 
di ag no sis of cer tain kid ney con di tions, mainly as so ci ated
with ischemic or toxic prox i mal tu bu lar cells de struc tion
(such as dishaemodinamic, ATN and CsA in duced
nephrotoxicity). Thus, the de tec tion and quan ti fi ca tion of
both uri nary GSTs can be used to mon i tor a large por tion of 
the tu bu lar sys tem. In the pro cess dam ages the en tire tu bu -
lar sys tem, both GSTs would be ex creted into the urine, as
in the case of acute tu bu lar necroses where the se rum
creatinine level in creased in both type of ARF, but better
cor re la tion has been found with a-GST. In ob struc tive
ARF enzymuria is or di narily pres ent from the pre vi ously
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a-GST  g/L  p-GST  g/L
Control values 3.7±2.3 13.4±5.3
Stable Graft function 4.1±1.3 15.8±4.2
Acute rejection 5.3±1.95 348.2±176.5**
CsA induced toxicity 26.2±2.9* 16.2±2.9
Table 3. a- and p-Gluthatione transferase in patients
with renal transplantation.
* p< 0.001; **p< 0.0001
Creatinine ( mmol/L) Cystatin C (mg/L)
ARF 3-d day 421.8±98.0** 3.45±1.2**
ARF 9-th day 314.5±75.1** 2.38±0.95**
ARF 2 months after
admission
163.4±68.0** 1.46±0.55*
Stable graft function 148.0±45.0* 1.65±0.38*
Acute rejection 250.6±86.5** 3.86±0.95**
CsA-induced toxicity 221.7±60.2** 2.65±0.76**
Table 4. The concentration of serum creatinine and
CystatinC in patients with ARF and renal
*p < 0.05; ** p< 0.001
Ischemic renal injury(ATN) Acute post renal obstruction ARF
 p-GSTµ/L                    a-GST µg/L  p-GST µg/L                a-GST µg/L
3-d day 137.3±30.6* 24.0±5.4* 470.2±107.7** 25.8±5.9*
9-th day 95.4±21.6* 16.2±3.7* 245.1±52.7** 12.6±2.8*
2 months after admission 15.1±1.2 4.6±1.7 123.0±28.6 8.0±1.8
Table 2. a- and p- Gluthatione transferase in ARF of different etiology.
*p< 0.001; **p<0.0001
Diagnosis
Average age (X±SD) 
(range in years)
Sex 
F                     M
Number of cases
Ischemic acute tubular necrosis (ATN) 43.3±14.5 9                     6 15
Acute obstructive post renal insufficiency 58.6±13.1 3                      4 7
Acute rejection after transplantation 38.2±8.5 13                    5 18
CsA nephrotoxicity 41.5±13.5 4                     2 6
Table 1. Demographic characteristics of investigated patients with ARF and post transplanted complications.
ob structed kid ney. In this study we have an a lyzed two
groups of pa tients with ARF (with ischemic ATN and ob -
struc tive acute re nal in suf fi ciency). As it was ex pected,
global ATN af fected both tu bu lar struc tures (prox i mal and
dis tal) with sig nif i cant a-/p-GST enzymuria. How ever, the
acute re nal ob struc tion pro voked slight á-GST uri nary ex -
cre tion with ex ten sive and per sis tent p-GST enzymuria.
The per sis tency of el e vated p-GST into the urine in pa tients 
with ob struc tive ARF, may sug gest per haps a more se ri ous
ini tial le sion and/or per sis tency of other fac tors, such as
par tial ob struc tion with or with out parenchymal in fec tion
and medullar ne cro sis, some of witch have not been rec og -
nized and con sid ered. The fi nal state ment and ex pla na tion
does not op pose the ac cepted ap proach that “both in crease
and de crease in the uri nary lev els of GSTs oc cur rap idly”.
Fur ther more, the in creased enzymuria of ten pre cedes (few
days) the rise of other func tional pa ram e ters, for e.g. the
level of se rum creatinine and Cystatin C. On the other hand
hand, the ab sence of GSTs into the urine in an ob struc tive
pro cess may sig nify pre vi ous chronic fibrosclerotic kid ney
le sions of the dis tal tu bules and col lect ing ducts, be fore the
at tack of ob struc tive ARF, with the pre vi ously di min ished
tu bu lar cells re serves of GSTs (es pe cially p-GST) (1). In
the other hand the re sults ob tained in in ves ti gated trans -
planted pa tients dem on strate the pos si bil ity of dif fer en tial
di ag no sis. From the prac ti cal point of view, the dif fer enc -
ing di ag no sis be tween the acute kid ney trans plant re jec tion
(lim ited re lease of alfa GST into the urine, while that of the
p-GSTis ex ten sive) and CsA as so ci ated nephrotoxicity in
kid ney trans plant pa tients, be come eas ier (a sig nif i cant á-
GST enzimuria vs. no el e va tion in uri nary p-GST). These
find ings are in agree ment with pres ent in ves ti ga tion, that
the ini tial phase of such tox ic ity only the prox i mal tu bules
are in jured; the dis tal tu bule be ing af fected only at a later
stage. How ever, a dis tinc tion be tween CsA in duced re nal
tox ic ity and graft re jec tion is not pos si ble to be made only
on the ba sis of se rum creatinine and Cystatin C lev els, since 
this pa ram e ters in creases to an equal ex tent in both con di -
tions. Many ef forts were also made to pre dict the con di tion
of trans planted graft dur ing the very early post op er a tive pe -
riod. The pa ram e ters that may quan tify the dam age be fore
and af ter trans plan ta tion are cur rently re gain ing im por -
tance. De ter mi na tion of en zymes, nu cleo tides, elec tro lyte
re lease and func tional and mor pho log i cal sta tus did not
prove use ful to pre dict the out come of the trans plan ta tion
(14,3,12,5,13,18,17,7). Dur ing ischemic state, the plasma
mem brane in teg rity in dam aged, and its per me ably is also
al tered (8,2). In case of acute re ac tion in our in ves ti ga tion
the re lease of a-GST into the urine is lim ited
(5.3±1.95µg/L) while that of p-GST isoenzymes is ex ten -
sive (348.2±176.5µg/L;  p<0.001) . The early stages of
CsA nephrotoxicity a sig nif i cant amount of a-GST is ex -
creted into the urine (26.2±2.9mg/L;  p<0.001), but no sig -
nif i cant el e va tion of p-GST  is seen   (16.2±2.9µg/L). Our
re sult showed that a dis tinc tion be tween acute re jec tion and 
CsA nephrotoxicity is not pos si ble to make on the ba sis of
se rum creatinine and Cystatin C lev els, since this  pa ram e -
ters in creases to an equal ex tent in both con di tions. Af ter
all, the changes in the con cen tra tion of Cystatin C is much
more rapid and ear lier sug gest ini tial re nal dys func tion
(6,9,10). This find ings is in agree ment with in ves ti ga tion of
Sibley RK. at el (14), Bergstrand A. at el (3) and Mihatsch
MJ. at el (12) that in the ini tial phase of such tox ic ity, only
the prox i mal tubules damaged and the distal portion being
affected only at a later stage. Assay of the urinary levels of
these two glutathione transferases differentiates between
CsA induced toxicity and acute rejection, a distinction
witch is not possible to make on the basis of serum creatine
and Cystatin C levels, since this parameters increases to an
equal extent in both conditions.
CONCLUSION
In con clu sion Acute Re nal Fail ure is as so ci ated with el e -
vated urine lev els of GSTs. While the ischemic ARF is
char ac ter ized with pre dom i nantly a-GST uri nary ex cre tion 
(prox i mal tu bu lar le sion), ob struc tive kid ney in suf fi ciency
pres ents mainly p-GST uri nary elim i na tion (dis tal and col -
lect ing  tu bules’ in jury). By as say ing uri nary lev els of both
a- and p-GST in trans planted pa tients, one can dif fer en ti ate 
be tween dam age in various portions of the renal tubular
system.
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